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1. Introduction
A reply LS for UE feature was sent by RAN1 [1], we copy the content for information:
	1. Overall Description:
RAN1 would like to thank RAN4 for the LS(R4-2309797) on UE features used for ATG deployment scenario. 
[bookmark: _Hlk142402017]Regarding whether the UE features ‘Increasing the number of HARQ processes’ and ‘K1 range extension’ can be used for Rel-18 NR ATG, RAN1 has the discussion and provides the following information. 
From RAN1’s perspective, the functionality corresponding to UE features 26-5 ‘Increasing the number of HARQ processes’ and 26-10 ‘K1 range extension’ can be used for Rel-18 NR ATG.
New ATG UE features of ‘Increasing the number of HARQ processes’ and ‘K1 range extension’ should be introduced in Rel-18. RAN1 asks RAN4 to take the corresponding information into consideration. 
Besides that, RAN1 has not discussed other UE features from Rel-17/18 NTN, e.g. Koffset (FG26-1), TA reporting (FG 26-4) and UE-specific koffset (26-9), which can be considered in the future discussions of new ATG UE features. 
2. Actions:
To RAN4
ACTION: 	RAN1 respectfully asks RAN4 to take the above response into account in the future work. 


In this reply LS, RAN1 mentioned that there are other UE features whose functionality should be also considered in the discussions of new ATG UE features. Therefore, we give an overall discussion about ATG UE features in this contribution, and prepare a draft LS to RAN1 and RAN2, which contains the UE features of Layer-1, Layer-2 and Layer-3.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]ATG UE feature
In the reply LS, RAN1 mentioned that other UE features from R17/18 NTN should be taken into considered in the future discussion of new ATG features. Hence, we review all R17 NTN features and give our perspective about which feature should be introduced in ATG. The related NTN features are attached in the Annex.
L1 ATG UE feature 1: Uplink Time and Frequency pre-compensation and timing relationship enhancements
As we known, uplink time and frequency pre-compensation and timing relationship enhancements were agreed to introduced to ATG UE, therefore, we propose to introduce the related UE feature as NTN, but the detailed components should be updated.
Proposal 1: Introduce the ATG UE feature of uplink time and frequency pre-compensation and timing relationship enhancements as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Uplink Time and Frequency pre-compensation and timing relationship enhancements
	Support of UE specific TA calculation based on its GNSS-acquired position and the  indicated BS location.
For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation) and closed (i.e., received TA commands) control loops.
Support of pre-compensation of the calculated TA in its uplink transmissions
Support of frequency pre-compensation to counter shift the Doppler experienced on the service link.
Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated.
Support of UE receiving cell-specific K_offset in system information.
	
	TBD
	BandNR
	No
	No
	An ATG UE is required to at least support UE specific TA and frequency calculation based at least on its GNSS-acquired position and the indicated BS location

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

For UE supports NR communication via ATG, UE must indicate this FG is supported.




L1 ATG UE feature 2&3: UE reporting of information related to TA pre-compensation&UE-specific Koffset 
TA report was introduced to address GP issue in last meeting, therefore, the related UE feature should be introduced. Besides, since TAR can be supported in ATG, we think the UE-specific koffset functionality could also be supported by both network and UE, which could help to optimize the timing relationship. 
Proposal 2: Introduce the ATG UE feature of UE reporting of TA information and UE-specific K_offset as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	UE reporting of TA information 
	Support UE reporting of TA information
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements]
	TBD
	BandNR
	No
	No
	Note 1: The exact content of UE reporting of information about the TA pre-compensation is up to RAN2

Note 2: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 

	UE-specific K_offset 
	Support of reception of UE-specific K_offset via MAC-CE.
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements
And 
UE reporting of TA information]
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling



L1 ATG UE feature 4&5: Increasing the number of HARQ processes&K1 range extension
As RAN1 reply LS stated, the functionality corresponding to UE features‘Increasing the number of HARQ processes’ and‘K1 range extension’ can be used for Rel-18 NR ATG. UE who supports both features could support HARQ feedback when network configures some specific TDD patterns to address the GP issue in ATG deployment, e.g., 30D4S6U. Therefore, we propose to introduce the UE features.
Proposal 3: Introduce the ATG UE features of Increasing the number of HARQ processes and K1 range extension as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	
	TBD
	BandNR
	No
	No
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

	K1 range extension
	Support of extended K1 value range of (0..31) for unpaired spectrum
	
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 



L2/L3 ATG UE feature 1&2&3: Location based CHO&Event A4 based CHO&Location-based measurement report trigger
Location based CHO mechanism as R17 NR NTN has been agreed for R18 ATG in RAN4#108 meeting. Therefore, the related UE feature should be introduced as well.
Proposal 4: Introduce the ATG UE feature of Location based CHO, Event A4 based CHO and Location-based measurement report trigger as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Location based CHO
	Indicates whether the UE supports location based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Event A4 based CHO
	Indicates whether the UE supports Event A4 based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Location-based measurement report trigger
	Indicates whether the UE supports location-based triggered measurement reporting (i.e., event D1)
	TBD
[Location based CHO]
	TBD
	MeasAndMobParametersCommon
	No
	No
	
	Optional with capability signalling



L2/L3 ATG UE feature 4&5: SR triggered by a TA report and TA reporting during initial access
TA report was introduced to address GP issue in last meeting, therefore, the related UE feature should be introduced.
Proposal 5: Introduce the ATG UE feature of SR triggered by a TA report and TA reporting during initial access as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	SR triggered by a TA report
	Indicates whether the UE supports triggering of SR when a TA report is triggered and there are no available UL-SCH resources. 
	
	TBD
	MAC-ParametersCommon
	No
	No
	
	Optional with capability signalling

	TA reporting during initial access
	It is mandatory to support TA reporting during initial access for UEs supporting [uplink-TA-Reporting-r17] as specified in TS 38.321 [10].
	
	n/a
	n/a
	n/a
	n/a
	
	Conditional mandatory without capability signalling



RRM ATG UE features 1: Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
In RAN4#108 meeting, we achieved the agreement that UE supporting set2 requirements for ATG is an optional feature without capability signaling. We propose to introduce the related UE feature.
Proposal 6: Introduce the ATG UE feature of Enhanced RRM requirements for measurements in IDLE and INACTIVE modes as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
	Indicate the support of enhanced inter-frequency cell re-selection requirements for ATG (as specific in TS 38.133 Table 4.2D.2.4-2)
	
	n/a
	n/a
	No
	No
	
	Optional without capability signaling


3. UE capability for ATG UEs with antenna arrays
Issue 5-2: If any additional UE capability is needed for ATG UEs with [antenna arrays]
Proposals
· Option 1: No capability is needed for ATG UE to support antenna arrays in FR1 4GHz.
· Option 2: Define a UE capability to differentiate UE with [omnidirectional antennas] and UE with [antenna arrays]. 
· Option 3: For the band n79 capable UE, it works with phase antenna array by default at band n79. 
· Regarding the antenna assumption, phase antenna array is tied with band n79, and omni-antenna is tied with other ATG bands.
· Other Options are not precluded.
In last meeting, RF session has agreed to introduce new capability of ATG UE to support different requirements, the LS has been sent to RAN2 [4]. We copy the related contents below for convenience.
· New capability of ATG UE to support different requirements 
RAN4 has defined two sets of RF and RRM requirements considering the implementation freedom for ATG UE with omi-directional antenna and/or antenna array. RAN4 kindly asks RAN2 to define new UE capability for supporting the requirements defined for ATG UE with omi-directional antenna in TS 38.101-1 and TS 38.133, and UE capability for supporting the requirements defined for ATG UE with antenna array in TS 38.101 and TS 38.133. The UE capability is per band basis and only applies for FR1 ATG operation bands including both TDD and FDD bands.
Hence, the issue can be skipped, RRM follows the new UE capability agreed in RF session.
Observation 1: In RAN4#108bis, RF session has agreed to introduce new capability of ATG UE to support different requirements.

4. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: Introduce the ATG UE feature of uplink time and frequency pre-compensation and timing relationship enhancements as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Uplink Time and Frequency pre-compensation and timing relationship enhancements
	Support of UE specific TA calculation based on its GNSS-acquired position and the  indicated BS location.
For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation) and closed (i.e., received TA commands) control loops.
Support of pre-compensation of the calculated TA in its uplink transmissions
Support of frequency pre-compensation to counter shift the Doppler experienced on the service link.
Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated.
Support of UE receiving cell-specific K_offset in system information.
	
	TBD
	BandNR
	No
	No
	An ATG UE is required to at least support UE specific TA and frequency calculation based at least on its GNSS-acquired position and the indicated BS location

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

For UE supports NR communication via ATG, UE must indicate this FG is supported.



Proposal 2: Introduce the ATG UE feature of UE reporting of TA information and UE-specific K_offset as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	UE reporting of TA information 
	Support UE reporting of TA information
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements]
	TBD
	BandNR
	No
	No
	Note 1: The exact content of UE reporting of information about the TA pre-compensation is up to RAN2

Note 2: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 

	UE-specific K_offset 
	Support of reception of UE-specific K_offset via MAC-CE.
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements
And 
UE reporting of TA information]
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling


Proposal 3: Introduce the ATG UE features of Increasing the number of HARQ processes and K1 range extension as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	
	TBD
	BandNR
	No
	No
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

	K1 range extension
	Support of extended K1 value range of (0..31) for unpaired spectrum
	
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 


Proposal 4: Introduce the ATG UE feature of Location based CHO, Event A4 based CHO and Location-based measurement report trigger as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Location based CHO
	Indicates whether the UE supports location based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Event A4 based CHO
	Indicates whether the UE supports Event A4 based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Location-based measurement report trigger
	Indicates whether the UE supports location-based triggered measurement reporting (i.e., event D1)
	TBD
[Location based CHO]
	TBD
	MeasAndMobParametersCommon
	No
	No
	
	Optional with capability signalling


Proposal 5: Introduce the ATG UE feature of SR triggered by a TA report and TA reporting during initial access as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	SR triggered by a TA report
	Indicates whether the UE supports triggering of SR when a TA report is triggered and there are no available UL-SCH resources. 
	
	TBD
	MAC-ParametersCommon
	No
	No
	
	Optional with capability signalling

	TA reporting during initial access
	It is mandatory to support TA reporting during initial access for UEs supporting [uplink-TA-Reporting-r17] as specified in TS 38.321 [10].
	
	n/a
	n/a
	n/a
	n/a
	
	Conditional mandatory without capability signalling


Proposal 6: Introduce the ATG UE feature of Enhanced RRM requirements for measurements in IDLE and INACTIVE modes as follows:
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
	Indicate the support of enhanced inter-frequency cell re-selection requirements for ATG (as specific in TS 38.133 Table 4.2D.2.4-2)
	
	n/a
	n/a
	No
	No
	
	Optional without capability signaling


Observation 1: In RAN4#108bis, RF session has agreed to introduce new capability of ATG UE to support different requirements.
5. Reference
[1] R1-2308531, Reply LS on UE features for NR ATG, RAN1
[2] R4-2314307, WF on NR ATG RRM requirements, CMCC
[3] R4-2317341, WF on RRM requirements for NR ATG, CMCC
[4] R4-2317742, LS to RAN2 about ATG UE, CMCC
6. [bookmark: _Hlk134973178]Appendix
The draft LS to RAN1 and RAN2 is captured below:
[bookmark: _Hlk492190689]3GPP TSG RAN WG4 Meeting #109		R4-23XXXXX
Chicago, US, November 13 – 17, 2023

Title:	LS on Layer-1/2/3 ATG UE features
Release:	Rel-18
Study Item:	NR_ATG

Source:	TSG RAN WG4
To:	TSG RAN WG1, TSG RAN WG2
Cc:	

Contact Person:
Name:	Shiyuan Wang
E-mail Address:	wangshiyuan@chinamobile.com
	

Attachments: None

1. Overall Description:
In the reply LS R1-2308531, RAN1 mentioned that RAN1 has not discussed other UE features from Rel-17/18 NTN, e.g. Koffset (FG26-1), TA reporting (FG 26-4) and UE-specific koffset (26-9), which can be considered in the future discussions of new ATG UE features. 
After the discussion of new ATG UE features in RAN4, RAN4 agreed following Layer-1/2/3 features should be introduced as new ATG UE features.

[RAN4] 
Following Layer-1 new ATG UE features should be introduced.
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Uplink Time and Frequency pre-compensation and timing relationship enhancements
	Support of UE specific TA calculation based on its GNSS-acquired position and the  indicated BS location.
For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation) and closed (i.e., received TA commands) control loops.
Support of pre-compensation of the calculated TA in its uplink transmissions
Support of frequency pre-compensation to counter shift the Doppler experienced on the service link.
Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated.
Support of UE receiving cell-specific K_offset in system information.
	
	TBD
	BandNR
	No
	No
	An ATG UE is required to at least support UE specific TA and frequency calculation based at least on its GNSS-acquired position and the indicated BS location

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

For UE supports NR communication via ATG, UE must indicate this FG is supported.


	UE reporting of TA information 
	Support UE reporting of TA information
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements]
	TBD
	BandNR
	No
	No
	Note 1: The exact content of UE reporting of information about the TA pre-compensation is up to RAN2

Note 2: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 

	UE-specific K_offset 
	Support of reception of UE-specific K_offset via MAC-CE.
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
	TBD
[Uplink Time and Frequency pre-compensation and timing relationship enhancements
And 
UE reporting of TA information]
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	
	TBD
	BandNR
	No
	No
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling

	K1 range extension
	Support of extended K1 value range of (0..31) for unpaired spectrum
	
	TBD
	BandNR
	No
	No
	Note: This UE feature group is applicable only for ATG operating bands
	Optional with capability signalling 


Following Layer-2 and Layer-3 new ATG UE features should be introduced.
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Location based CHO
	Indicates whether the UE supports location based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Event A4 based CHO
	Indicates whether the UE supports Event A4 based CHO
	condHandover-r16 is set for ATG bands.
	TBD
	BandNR
	No
	No
	UE shall set the capability value consistently for all ATG operating bands.
	Optional with capability signalling

	Location-based measurement report trigger
	Indicates whether the UE supports location-based triggered measurement reporting (i.e., event D1)
	TBD
[Location based CHO]
	TBD
	MeasAndMobParametersCommon
	No
	No
	
	Optional with capability signalling

	SR triggered by a TA report
	Indicates whether the UE supports triggering of SR when a TA report is triggered and there are no available UL-SCH resources. 
	
	TBD
	MAC-ParametersCommon
	No
	No
	
	Optional with capability signalling

	TA reporting during initial access
	It is mandatory to support TA reporting during initial access for UEs supporting [uplink-TA-Reporting-r17] as specified in TS 38.321 [10].
	
	n/a
	n/a
	n/a
	n/a
	
	Conditional mandatory without capability signalling



2. Actions:
To RAN1
ACTION: 	RAN4 kindly requests RAN1 to introduce Layer-1 ATG UE features into Rel-18 RAN1 UE feature list with taking the above information into consideration.
To RAN2
ACTION: 	RAN4 kindly requests RAN2 to introduce Layer-2/3 ATG UE features with taking the above information into consideration, and introduce UE capabilities of Layer-1/2/3 UE features.

3. Date of Next TSG-RAN WG4 Meetings:	
TSG-RAN WG4 Meeting #110 	26 Feb - 01 Mar 2024		Athens , GR
TSG-RAN WG4 Meeting #110-bis 	15 Apr  - 19 Apr 2024	       China (TBC) , CN
7. Annex
Related R17 NTN UE features:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	26. NR_NTN_solutions
	26-1
	Uplink Time and Frequency pre-compensation and timing relationship enhancements
	1.	Support of UE specific TA calculation based on its GNSS-acquired position and the serving satellite ephemeris.
2.	Support of common TA calculation according to the parameters provided by the network (UE considers common TA as 0 if the parameters are not provided)
3.	For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
4.	Support of pre-compensation of the calculated TA in its uplink transmissions
5.	Support of estimating UE-gNB RTT and delaying the start of RAR window by UE-gNB RTT
6.	Support of frequency pre-compensation to counter shift the Doppler experienced on the service link
7.	Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated
8.	Support of determining timing of the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated and determining the timing of PDCCH monitoring in recovery search space using K-mac during beam failure recovery procedure
9.	Support of UE receiving cell-specific K_offset/K_mac in system information
	
	uplinkPreCompensation-r17
	BandNR
	No
	No
	An NTN UE is required to at least support UE specific TA and frequency calculation based at least on its GNSS-acquired position and the serving satellite ephemeris

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

For UE supports NR communication via satellite, UE must indicate this FG is supported.


	26. NR_NTN_solutions
	26-4
	UE reporting of information related to TA pre-compensation
	1. Support UE reporting of information related to TA pre-compensation 
	26-1
	uplink-TA-Reporting-r17
	BandNR
	No
	No
	Note: The exact content of UE reporting of information about the TA pre-compensation is up to RAN2

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optionalwith capability signalling 

	26. NR_NTN_solutions
	26-5
	Increasing the number of HARQ processes
	1. The maximal supported HARQ process number is X for UL and Y for DL
	
	max-HARQ-ProcessNumber-r17
	BandNR
	No
	No
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

	26. NR_NTN_solutions
	26-9
	UE-specific K_offset 
	1.	Support of reception of UE-specific K_offset via MAC-CE
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
	26-1, 26-4
	ue-specific-K-Offset-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

	26. NR_NTN_solutions
	26-10
	K1 range extension
	1.	Support of extended K1 value range of (0..31) for unpaired spectrum
	
	k1-RangeExtension-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling 




	[bookmark: _Hlk90039734]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	34. NR_NTN_solutions-Core

	34-4
	Location based CHO
	Indicates whether the UE supports location based CHO
	34-1, and condHandover-r16 is set for NTN bands.
	locationBasedCondHandover-r17
	BandNR
	No
	No
	UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Optional with capability signalling

	
	34-6
	Event A4 based CHO
	Indicates whether the UE supports Event A4 based CHO
	34-1, and condHandover-r16 is set for NTN bands.
	eventA4BasedCondHandover-r17
	BandNR
	No
	No
	UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Optional with capability signalling

	
	34-7
	SR triggered by a TA report
	Indicates whether the UE supports triggering of SR when a TA report is triggered and there are no available UL-SCH resources. 
	34-1
	sr-TriggeredBy-TA-Report-r17

	MAC-ParametersCommon
	No
	No
	
	Optional with capability signalling

	
	34-13
	Location-based measurement report trigger
	Indicates whether the UE supports location-based triggered measurement reporting (i.e., event D1)
	34-4
	eventD1-MeasReportTrigger-r17
	MeasAndMobParametersCommon
	No
	No
	
	Optional with capability signalling

	
	34-14
	RRC_INACTIVE in NTN
	Indicates whether the UE supports RRC_INACTIVE in NTN
	34-1
	inactiveStateNTN-r17

	NTN-Parameters-r17
	No
	No
	
	Conditional mandatory with capability signalling

	
	34-17
	TA reporting during initial access
	It is mandatory to support TA reporting during initial access for UEs supporting uplink-TA-Reporting-r17 as specified in TS 38.321 [10].
	
	n/a
	n/a
	n/a
	n/a
	
	Conditional mandatory without capability signalling
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	25. NR_NTN_solutions
	25-4
	Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
	If UE does not support the capability, other NTN measurement requirements (as specified in TS 38.133, clause 4.2C.2) are applied for both LEO and GEO.
	
	n/a
	n/a
	FDD only
	FR1 only
	
	Optional without capability signaling



